Several pathophysiological mechanisms have been proposed in the development of pregnancy complications, including endothelial dysfunction, an inflammatory pathway and oxidative stress. The aim of the present study was to evaluate the correlation between proinflammatory cytokines TNF-α, IL-6 and dual cytokine IL-10 in the mother's peripheral blood and systolic blood pressure, risk of preeclampsia and low birth weight in gestational diabetes (GDM). We observed 40 women with GDM divided into a gestational hypertension group (n=20) and comparison group (n=20) with normal blood pressure. We found a significant positive correlation between TNF-α; IL-6; IL-10 levels and systolic blood pressure (SBP) in the second trimester (p<0.001; p<0.001; p<0.001); the third trimester (p<0.001; p<0.001; p<0.05). We also proved correlations for diastolic blood pressure (DBP) during the second; third trimester (p<0.001; p<0.001; p<0.001); (p<0.001; p<0.001; p<0.0015). We demonstrated a statistically significant positive association between high TNF-α group and preeclampsia risk in the third trimester (p=0.04). We also determined the negative correlation in the second trimester between birth weight and TNF-α; IL-6, IL-10 levels (p<0.05; p<0.001; p<0.001). To conclude, our data highlight the importance of cytokines TNF-α, IL-6 and IL-10 in blood pressure regulation. In addition, high levels of TNF-α have been associated with increased risk of preeclampsia. We found a significant negative correlation between levels of TNF-α, IL-6, IL-10 and birth weight.
Introduction
Gestational diabetes mellitus (GDM) is defined as diabetes diagnosed in the second or third trimester of pregnancy that was not clearly overt diabetes prior to gestation. Approximately 7 % of all pregnancies are complicated by GDM. The prevalence may range from 1 to 14 % of all pregnancies, depending on the population studied. Types 1 and 2 pregestational diabetes confer significantly greater maternal and fetal risk than GDM. In general, specific risks of uncontrolled diabetes in pregnancy include spontaneous abortion, fetal anomalies, preeclampsia, fetal demise, macrosomia, neonatal hypoglycemia, and neonatal hyperbilirubinemia, among others (ADA Standards of Diabetes Care 2018). As early as 1995 announced the original Th1/Th2 paradigm is based on Wegmann's statement: 'successful pregnancy is a Th2 phenomenon'. In pregnancy Th1-associated cytokines tumor necrosis factor alpha (TNF)-α and interferon gamma and in general induction of an inflammatory response were associated with fetal demise (Chaouat et al. 2004) . The production of Th2-type cytokines IL-4 and IL-10 may promote fetal survival by inhibiting Th1 reactivity (Azizieh et al. 2015) . Many studies have reported a predominant Th2-type immunity and suppressed Th1-type immunity during normal Vol. 68 pregnancy. In a normal pregnancy the levels of cytokines in the mother's serum are not always detectable. Elevated levels of cytokines in the mother's peripheral blood can initiate a cascade of inflammatory processes and lead to complications in a so far normal pregnancy (Lash et al. 2015) . Elevated levels of cytokines can be the cause of placental dysfunction, which may result in intrauterine growth restriction (IUGR) or premature birth (PTB) (Challis et al. 2009 ). De Steenwinkel et al. (2013 proposed a hypothesis, that the levels of maternal cytokines can significantly influence the growth of the fetus in women with rheumatoid arthritis (RA). They proved, that in the mother's serum during the first trimester, increased levels of interleukin 10 (IL-10) are associated with higher birth weight, and increased levels of interleukin 6 (IL-6) are associated with lower birth weight (De Steenwinkel et al. 2013) . In studies on pregnant women, it has been proven that both TNF-α and IL-6 induce structural and functional changes of endothelial cells. Endothelial dysfunction is associated with many forms of hypertension and was, in human studies, at least partially mediated by increased levels of proinflammatory cytokines (Saito et al. 2001) . Preeclampsia (PE) affects 5 to 8 % of pregnancies and imposes a significant burden on the health care system with high maternal and fetal morbidity, intrauterine growth restriction (IUGR) and preterm birth. Without timely intervention, PE is conducive of a more grievous clinical picture of maternal seizures and convulsions, which could culminate into coma and death (Shah et al. 2015) . An up-regulation of proinflammatory cytokines (TNF-α, IL-1β, IL-18) was described in pregnancies complicated by PE (Wang et al. 1996) , other studies have proved a decrease in levels of anti-inflammatory cytokine IL-10 (Hennessy et al. 1999) . Only a small number of studies analyzed the role of cytokines in the pathophysiology of oxidative stress in GDM. In current literature, we will find the cytokine TNF-α to be the most significant predictor of insulin resistance in pregnancy (Kirwan et al. 2002) . However, other cytokines such as IL-6, IL-8 also significantly participate in the pathogenesis of insulin resistance in GDM (Gomes et al. 2013) . In conclusion, current literature shows the importance of cytokines in the acceleration of proinflammatory state, in both GDM itself, and in the pathogenesis of certain pregnancy complications: hypertension, PE, low birth weight.
The aim of the present study was to evaluate the correlation between proinflammatory cytokines TNF-α; IL-6 and dual cytokine IL-10 in the mother's peripheral blood and the development of pregnancy complications: increase of systolic blood pressure (SBP); diastolic blood pressure (DBP), risk of PE, low birth weight in women with GDM and gestational hypertension (hypertension group), and comparison group with GDM and normal levels of blood pressure (reference group).
Methods
The study has been approved by an ethics committee of St. Anne's University Hospital in Brno. There were 40 women with GDM included in the observations, divided into two groups, 20 women with GDM and gestational hypertension, and 20 women with GDM and normal blood pressure levels.
GDM criteria were as follows (one or more of the following criteria were met in pregnancy): fasting plasma glucose 5.1-6.9 mmol/l, 1-hour plasma glucose ≥10.0 mmol/l, 2-hour plasma glucose ≥8.5 mmol/l following a 75 g oral glucose load. These women were monitored at the diabetes center of St. Anne's University Hospital in Brno. All the women involved signed an informed consent before starting the study. To participate, subjects in gestational hypertension group, had to have in documentation new-onset hypertension occurring after 20 weeks' gestation. Blood pressure (BP) values measured at routine clinical visit in a gynecologist's office at 22 weeks' gestation had to be as follows: SBP≥140 mm Hg and/or DBP≥90 mm Hg, reference group: women without an adverse obstetric history with normal blood pressure, i.e. lower than hypertension threshold in referred week of gestation. The reference group was chosen to fit the characteristics of the hypertension group in age, BMI and diabetes compensation (HbA1c levels). Subjects were not engaged in the study if at least one of the following criteria were met: chronic hypertension, history of drug treatment of dyslipoproteinemia, chronic diseases of the immune system, neurological disorders, malignancy, women who were smokers before and during their pregnancy. The control group comprised a consecutive sample of pregnant women followed-up at our setting and undergoing routine late second or third-trimester blood analysis and with none of the exclusion criteria. Tight control of glycemia level was maintained throughout study duration using diabetic diet. Since insulin was required to achieve glycemic control, we chose basal insulin to keep fasting glycemia in target range according (Cutland et al. 2017) . The observed parameters to be considered at the onset of labor include: week of gestation, mode of delivery (natural; cesarean section), labor induction, other labor complications.
Statistics
In terms of quantity, descriptive statistics of a sample includes: mean, median, standard deviation, min and max. For categorical variables, absolute frequencies (N) and relative frequencies (%) are calculated.
Comparison of means (SBP; DBP; birth weight; absolute CD4(+) count) obtained in the second and third trimester on reference group and gestational hypertension group was done using Student t-test. The values of TNF-α, IL-10, IL-6 and UA were divided according to its median in a group with values lower than the median "low" and higher than the median "high". After completing the analysis of the acquired data, we could state that the sample was equally divided. When the cytokine level was not in sample measurable, the median of the detectable cytokine levels was taken. The Kruskal-Wallis test was chosen to analyze the difference between the groups "low" and "high" in SBP. It is a non-parametric method of testing that doesn't assume normal distribution, therefore being suitable for the comparison of two small sample groups, which corresponded the size of our analyzed sample, p-value is the resultant. A Chi-square test was chosen to evaluate the relationship between SBP and PE risk in a group low; high for IL-6; TNF-α; IL-10 cytokines (the Chi-square test is intended to test if there is Vol. 68 statistically significant difference in terms of frequencies between two categories). To evaluate the correlation between cytokine levels IL-6; TNF-α; IL-10 and birth weight; systolic blood pressure SBP; diastolic blood pressure DBP variables, correlation matrix, that shows Spearman's rho correlation, was chosen. The Spearman's rank correlation coefficient, is a non-parametric measure of relation between variables using ranks to calculate the correlation. Sometimes, Spearman's correlation is defined as Pearson's correlation coefficient between rank variables. While Pearson's correlation describes how well relationship between variables can be described using linear function, Spearman's correlation assesses how well the relationship between variables can be described using a monotonic function. Statistically significant correlations are marked bold.
Results
The descriptive statistics of acquired readings is shown in Table 1 . To assess the level of glycemic control achieved by each group we chose measurement of HbA1c level. There was no statistically significant difference in diabetes compensation (HbA1c levels) between hypertension and reference group in the second; third semester (p=0.78; p=0.75) ( Table 2 ). In the second and third trimester we proved a statistically significant difference in SBP (Fig. 1) ; DBP ( Fig. 2 ) between hypertension and reference group (p<0.001; p<0.001); (p<0.001; p<0.001). An interesting situation, regarding levels of IL-6, occurred after analyzing the acquired data. The median was the same as the minimum (more than 50 % of the observed were equal to minimum i.e. 0.5). Therefore, we divided the observed sample of IL-6 into "low IL-6" for values up to 0.5 and inclusive and "high IL-6" for values above 0.5. Analogically, we used the same method for tracked levels of TNF-α, IL-10 and uric acid, dividing them according to the median into a group with a lower value than the median "low" and a higher than the median "high". For the analysis between groups "low" and "high" in SBP, we chose the Kruskal-Wallis test. The analysis' outcome of the mean SBP value in second and third trimester for groups low IL-6; high IL-6 (Table 3 ) Fig. 1 , groups low TNF-α; high TNF-α (Table 3) Fig. 2 , groups low IL-10; high IL-10 (Table 3) Fig. 3 . The relation was evaluated at a 5 % level of significance, we proved a statistically significant difference in IL-6 (p<0.001; p<0.001), TNF-α (p<0.001; p<0.001), IL-10 (p<0.001; p=0.0019) (Tables 2, 3). After using the correlation matrix (Spearman correlation rho), we analyzed the correlation between IL-6; TNF-α; IL-10 cytokine levels and SBP. We found a significant correlation between SBP and IL-6; TNF-α IL-10 levels in the second trimester 0.84; 0.55; 0.81 (p<0.001; p<0.001; p<0.001; the third trimester 0.85; 0.75; 0.45, (p<0.001; p<0.001; p<0.05). We also proved correlations for DBP during the second; third trimester 0.79; 0.52; 0.76 (p<0.001; p<0.001; p<0.001); 0.87; 0.70; 0.49 (p<0.001; p<0.001; p<0.0015) ( Table 4) . Using the Chi-square method of testing, we analyzed the relation between the cytokine levels and the risk of development of pregnancy complications. Where we proved a statistically significant relation between high TNF-α group and PE risk in the third trimester (p=0.04), without the proof of statistically significant association for cytokine levels IL-6; IL-10 (Table 5 ). In the second trimester, the increase of PE risk didn't reach a statistical significance for any of the monitored cytokines (data not shown).
We found the statistically significant difference in the birth weight (p<0.05) (Fig. 3) , while we did not prove statistically significant difference in the weight-forage percentiles (p=0.17) between hypertension and reference group. The evaluation of correlation coefficient for birth weight during the second trimester, proved statistically significant negative correlations for all the monitored cytokine levels TNF-α; IL-10; IL-6 (-0.32; -0.51; -0.56), p-values (p<0.05; p<0.001; p<0.001). In the third trimester, there were also negative correlations (-0.53; -0.27; -0.51), p-values (p<0.05; p=0.096; p<0.001), thus IL-10 not reaching values of statistical significance. For our chosen Th1/Th2 immunological profile ratio of change (ratio IL-6/IL-10), we did not prove a statistically significant correlation with birth weight in the second trimester, but we have proved this correlation in the third trimester p<0.001 (Table 4) . To evaluate activation of cell-mediated immunity we chose absolute CD4(+) T cell count, we did not prove a statistically significant difference in the second and third trimester, between hypertension and reference group (p=0.76; 0.42) (Fig. 4) . There were no statistically significant differences between hypertension and reference group in peripheral blood leukocytes levels in the second trimester (p=0.18), while we found statistically significant difference in the third trimester (p=0.04). There were no statistically significant correlations between the levels of uric acid UA and the levels of TNF-α; IL-10; IL-6 (data not shown), we did not prove the correlation between uric acid UA and the risk of PE or birth weight value. Low birth weight (LBW) is defined as a birth weight of less than 2,500 g (up to and including 2,499 g), as per the World Health Organization (Meikle et al. 2002) . In our study, the minimum observed birth weight was 2,760 g, thus none of the subjects met criteria for low birth weight. In addition levels of monitored cytokines TNF-α; IL-10; IL-6 in the second trimester; third trimester did not statistically significantly correlate with the week of delivery (Table 4) . We chose a level of proinflammatory cytokine IL-6 and tested whether there is a statistically significant difference between the hypertension and reference group. Obvious and unambiguous differences are observed between the Vol. 68 control and hypertension group. In the second trimester, 100 % of the observed reference group had a low IL-6, while only 10 % of the hypertension group had a low IL-6 and 90 % i.e. 18 had high IL-6 (p<0.001). In the third trimester, 100 % of the hypertension group had high IL-6 and all the low's IL-6 belong to the reference group. Values are expressed as mean ± SD, statistical significance is p<0.05.
Fig. 1.
Comparison of the SBP in reference group and gestational hypertension group at different time points. In the second and third trimester we proved a statistically significant difference in SBP between hypertension and reference group (p<0.001; p<0.001). Statistical significance is from the Student t-test, values are expressed as mean (mm Hg).
Fig. 2.
Comparison of the DBP in reference group and gestational hypertension group at different time points. In the second and third trimester we proved a statistically significant difference in DBP between hypertension and reference group (p<0.001; p<0.001). 
Statistical significance is from the Student t-test, values are expressed as mean (mm Hg
).
Discussion
We assumed, that the levels of proinflammatory cytokines IL-6 and TNF-α are an important part of the blood pressure control in pregnancy. This hypothesis, based on our acquired data, appears to be true. We have proved, that the mean SBP value is significantly higher for high IL-6 group, both in the second and third trimester (p<0.001; p<0.001). Also, the elevation of mean SBP for high TNF-α group was statistically significant in both the second and third trimester (p<0.001; p<0.001). There was also a proven statistically significant association between group low IL-10 and elevation of mean SBP in the second; third trimester (p<0.001; p=0019). We found a significant positive correlation between TNF-α; IL-6; IL-10 levels and SBP in the second trimester (p<0.001; p<0.001; p<0.001); the third trimester (p<0.001; p<0.001; p<0.05). We also proved correlations for DBP during the second; third trimester (p<0.001; p<0.001; p<0.001); (p<0.001; p<0.001; p<0.0015). Hence, our results support the hypothesis, that a proinflammatory state, (which in our opinion is significantly influenced by the elevated levels of proinflammatory cytokines IL-6 and TNF-α with a possible deficit of anti-inflammatory IL-10), is associated with higher levels of blood pressure.
Gestational diabetes and pregnancy-induced hypertension are common, and their relation is not well understood. A population-based case-control study was conducted using 1992-1998, consecutive cases of pregnancy-induced hypertension were divided into four: eclampsia, severe preeclampsia, mild preeclampsia, and gestational hypertension. Cases were compared with controls who did not have pregnancy-induced hypertension. Gestational diabetes was more common in each case group (3.9 % in eclamptics, 4.5 % in severe preeclamptics, and 4.4 % in both mild preeclamptics and those with gestational hypertension) than in controls (2.7 %). After adjustment gestational diabetes was associated with increased risk of severe preeclampsia odds ratio (OR)=1.5, mild preeclampsia OR=1.5 and gestational hypertension OR=1.4. PE is a pregnancyassociated disorder characterized by hypertension. In PE, cytokines such as TNF-α modify the expression of adhesion molecules in placental vessels, apoptosis of trophoblasts. Thus reduces trophoblast invasion and promotes placental ischemia. Defective placentation and decreased trophoblast invasion cause reduction in uteroplacental perfusion pressure (RUPP) and placental hypoxia. RUPP could stimulate the release of circulating bioactive factors, that cause imbalance with the pro-angiogenic factors vascular endothelial growth factor or cause the release of inflammatory cytokines, reactive oxygen species, hypoxia-induced factor-1. The circulating bioactive factors target endothelial cells causing generalized endothelial dysfunction. Decreased vasodilators and increased vasoconstrictors such as endothelin-1 and thromboxane A2, lead to increased vasoconstriction. Endothelin-1 (ET-1) is a major vasoconstrictor that may play a role in PE (Shah et al. 2015) . Wallace et al. (2011) hypothesize that reduced uterine perfusion pressure (RUPP) induced CD4(+) T cells increase blood pressure during pregnancy. In pregnant rats circulating TNF-α was elevated in recipients of RUPP CD4(+) T cells. These data support the hypothesis that TNF-α play an important role in the pathophysiology of hypertension in response to placental ischemia (Wallace et al. 2011) . The importance of ET-1 in blood pressure control has been demonstrated on animal models, where an endothelin A and B receptor antagonists significantly increased the glomerular filtration rate, renal plasma flow and renal interstitial hydrostatic pressure (Kato et al. 1995) . The correct function of endothelium seems to be the key for maintaining normal blood pressure, and it is during the ischemia of placenta that the number of M1-macrophages grows and the synthesis of proinflammatory cytokines -TNF-α, IL-1β and IL-18 increases. Those mentioned proinflammatory cytokines support the synthesis of highly effective vasoconstrictor endothelin and reduce the acetylcholine-induced vasodilation (Conrad et al. 1997) . We emphasis, that endothelin, in animal models, decreased the excretion of sodium and the resulting decreased natriuresis is one of the main disorders participating in the development of hypertension (Kato et al. 1995) .
A new lineage of T-helper (Th) cells that selectively produce IL-17 has been proposed. This population, which has been termed Th17, plays a critical role for the induction of inflammation. Activated dendritic cells increase production of proinflammatory cytokine IL-6 or IL-1, TGF-beta induced differentiation of native T cells diverted toward the Th17 cells pathway. The function of effector T cells, such as Th1, Th2 and Th17 cells, is regulated by CD4(+) CD25(+) regulatory T (Treg) cells. (Sheu et al. 2018) . We may indeed recall the hypothesis Wallace et al. (2011) that reduced RUPP induced CD4(+) T cells increase blood pressure during pregnancy. In our study we chose absolute CD4(+) T cell count to evaluate activation of cell-mediated immunity. We did not prove a statistically significant difference in absolute count of CD4(+) T cells in the second and third trimester between hypertension and reference group. We observed statistically significant difference in the third trimester (p=0.04) in peripheral blood leukocytes levels, while we did not prove a significant difference in the second trimester (p=0.18) between hypertension and reference group. Our study had some limitations, which should be pointed out: design of our study was to assess change in circulating cytokine levels regarding to blood pressure, PE risk and low birth weight. We did not investigate the role of the Th subclasses in the induction of cytokine production and from the same reason it is also difficult to interpret the relation between absolute leukocyte count and observed parameters in the third trimester.
IL-6 is, as a proinflammatory cytokine, released by various cells: endothelial, smooth muscle cells, macrophages. The literature review shows that elevated levels of IL-6 correlate with the elevation of blood pressure and are an independent risk factor for angiotensin II (Ang II) -induced hypertension (Ruiz et al. 2002) . It was demonstrated in an animal model with induced hypertension (diet with increased servings of salt and distribution of Ang II infusion), that protein kinase B2 activates IL-6 mediated inflammation. A deletion of protein kinase B2 in these models then normalized the blood pressure (Ruiz et al. 2002) . Angiotensin II, on its own, potentiates synthesis of TNF-α and IL-6 (Zhang et al. 2003) . Gadonski et al. (2006) conducted a series of experiments on rats, where by applying a clip they Vol. 68 induced artificial reduction of uterine perfusion (RUPP) and demonstrated an increase of plasmatic levels of IL-6, significant increase of arterial pressure and reduction of glomerular filtration (eGF) in rats with RUPP compared to the control group. Endothelial dysfunction, which is associated with many forms of hypertension was, in human studies, at least partially mediated by the increased levels of proinflammatory cytokines (Saito et al. 2001) . We conclude, that IL-6 and TNF-α are, according to human studies and animal models, significantly involved in the pathogenesis of insulin resistance and pregnancy hypertension. Our results demonstrated a statistically significant association between elevated levels of cytokines IL-6 and TNF-α in the mother's peripheral blood and the elevation of SBP and DBP in GDM, a condition characterized by increased insulin resistance.
PE is diagnosed based on the presence of hypertension and proteinuria after the 20 th week of pregnancy in women that had normal blood pressure prior to gestation. PE is a multisystem disease characterized by endothelial dysfunction, increased peripheral vascular resistance, coagulation abnormalities, oxidative stress, hyperlipidemia and increased production of cytokines. PE is connected with spiral arteries remodeling impairment, defective cytotrophoblast invasion, a change in M1 and M2 macrophages ratio and subsequent progressive placental ischemia. This change is accompanied by an increase of proinflammatory cytokines (TNF-α, IL-1β or IL-18) (Raghupathy et al. 2013) . Many factors may be involved in further activation of monocytes during pre-eclampsia. Factors may be derived from the stressed placenta, such as anti-angiogenic factors, placental microparticles or ATP, which are released at increased amounts from the preeclamptic placenta (Redman et al. 2000) . Previous research by Lockwood et al. (2008) demonstrated an elevated level of plasmatic IL-6 in women with PE and concluded, that decidua appears to be the source of IL-6 plasmatic elevation. Most likely through the mechanism of elevated levels of cytokines IL-1 and TNF-α, leading to an increased expression of IL-6 mRNA by decidual cells. Experimental models in rats demonstrated connections between monocyte stimulation by TNF-α and elevation of nonclassical monocytes, increased inflammatory response, glomerular inflammation, hypertension and proteinuria, the state leading to preeclampsia (Lamarca et al. 2005) . Several studies show an interesting association between cytokines, uric acid and PE. In women with PE, an elevated level of uric acid was described as early as the 10 th week of pregnancy (Powers et al. 2006) . Our research results proved increased risk of PE in the third trimester only for group high TNF-α (p=0.04), groups high IL-6 and high IL-10 didn't meet the statistical significance criteria. In the second trimester, the increased risk of PE hasn't been statistically significant for any of the monitored cytokines (data not shown). The result of our research is fairly in accordance with the mentioned studies, we demonstrated a statistically significant association between mean SBP and levels of IL-6. If we bring back the hypothesis stated by Peraçolli et al. (2007) that increased production of cytokine TNF-α is a conjoint pathophysiological mechanism for gestational hypertension and PE, where PE is just the most intensified version of this condition and understand, that elevation of blood pressure is a crucial part of PE syndrome, then we can't rule out, that the elevation of cytokine TNF-α is closely linked to the risk of developing PE and a larger sample of pregnant women would be needed in order to prove statistically significant associations with the risk of PE and with cytokine IL-6. If we consider the association between the risk of PE and TNF-α wasn't significant during the second trimester, but was significant in the third trimester, we regard this as likely, that significant elevation of TNF-α in the mother's peripheral blood is a matter of advanced syndrome. Our research results proved increased risk of PE in the third trimester only for group high TNF-α (p=0.04), better understanding of the association between cytokines and PE risk may lead to more effective strategies for prenatal care and may help to find a new way to prevent it. When assessing the correlation coefficient for birth weight during the second trimester, we proved statistically significant negative correlations for all the monitored cytokines TNF-α; IL-10; IL-6 (p<0.05; p<0.001; p<0.001). Negative correlations were also proved in the third trimester (p<0.05; p=0.096; p<0.001). Hence, in the third trimester, the correlation for IL-10 did not reach statistical significance. For the current literature, our results on correlation between cytokines and birth weight are rather contradictory. While our results proving a negative correlation between the levels of cytokine IL-6; TNF-α and birth weight remain consistent with prior research, our results for IL-10 are contradictory to literature sources. The study of Bartha et al. (2003) demonstrates an increased level of TNF-α in women with IUGR and placental insufficiency, but normal levels of TNF-α in women with IUGR and normal placental perfusion. The elevation of TNF-α was perceived as a phenomenon specific for IUGR with placental dysfunction. De Steenwinkel et al. (2013) provided evidence of association between elevation of IL-6 and low birth weight in mothers with rheumatoid arthritis. A majority of literature shows the protective effect of IL-10 on fetoplacetal unit (amongst other, by inhibition of secretion of proinflammatory cytokines IL-6, TNF-α, interferon gamma) (Tinsley et al. 2010) . A decreased level of IL-10 in the decidual region and trophoblast was described in pregnancies complicated by intrauterine growth restriction (IUGR) (Amu et al. 2006) . On the contrary, we proved a negative correlation between birth weight and the levels of IL-10 in peripheral blood. Our study had some limitations. First, the biological effects of cytokines are determined by the interplay of cytokines and their soluble receptors. The levels of these soluble receptors were not determined. Secondly, it is known that body mass index may influence cytokine levels as well as pregnancy outcome and therefore it could be a potential confounder (Curry et al. 2008) . Schmidt et al. (2015) found differences in pro-as well as anti-inflammatory cytokines when comparing obese and non-obese participants. Among the tested cytokines, IL-5, IL-10, IL-12, IL-13 and IFN-γ were elevated in both general and central obesity. These findings do not indicate whether cytokines are a cause or a consequence of obesity, nor the underlying molecular mechanisms (Schmidt et al. 2015) .
In another study serum concentrations of CRP, TNF-α and IL-6 were significantly correlated with weight, BMI, waist circumference, hip circumference and waist-hip ratio (Park et al. 2005) . In our study reference group was chosen to fit the characteristics of the hypertension group in both age, and BMI. We observed greater increase in BMI for the reference group compared to hypertension group in the third trimester. These findings support our hypothesis that proinflammatory cytokines play a role in regulating blood pressure and observed elevated levels of IL-6 and TNF-α are not related to changes in BMI over the third trimester. Despite the mentioned limitation of our study, we consider our findings of elevated levels of proinflammatory cytokines IL-6, TNF-α in relation to SBP and DBP in mothers with GDM inspiring and an interesting topic for future research.
Conclusions
We found a significant positive correlation between TNF-α; IL-6; IL-10 levels and SBP in the second trimester (p<0.001; p<0.001; p<0.001); the third trimester (p<0.001; p<0.001; p<0.05). We also proved correlations for DBP during the second; third trimester (p<0.001; p<0.001; p<0.001); (p<0.001; p<0.001; p<0.0015). Furthermore, we proved a statistically significant higher risk of PE for high TNF-α group in the third trimester (p=0.04). The evaluation of correlation coefficient for birth weight during the second trimester yielded statistically significant negative correlations for TNF-α; IL-10; IL-6 p-value (p<0.05; p<0.001; p<0.001). Prediction of PE is widely accepted to rely on multiparametric approaches because no single screening test provides a reasonable risk assessment. The screening of cytokine levels (TNF-α; IL-10; IL-6) during the second trimester might be premature from the clinical point of view, cost-benefit analysis performed in large clinical studies are needed. In our study, the minimum observed birth weight was 2,760 g. Therefore none of the subjects met the criteria for low birth weight. The results of our study confirm the hypothesis, that the proinflammatory state, together with the elevation of proinflammatory TNF-α; IL-6 cytokines, play an important role in the elevation of SBP and DBP. Moreover, we have found negative correlation between TNF-α; IL-6 and birth weight. Our results are in accordance with the literature (De Steenwinkel et al. 2013) , which shows that the levels of maternal cytokines can significantly influence the growth of the fetus in women with rheumatoid arthritis. Our results confirmed a similar effect of proinflammatory cytokines in women with GDM. Further studies are undoubtedly needed to clarify the association of maternal cytokine productions and pregnancy complications
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